Schistosomiasis japonica is a parasitic worm disease of great potential severity which involves more than 30,000,000 people in the Far East. While the most common signs and symptoms are related to an acute febrile illness known as Katayama fever and chronic involvement of the intestine and liver, it has been estimated that between 2 and 4% of all patients with this disease may manifest symptoms of cerebral involvement (Kane and Most, 1948; Ariizumi, 1963; Reyes, Yogore, and Pardo, 1964) . The specific cause of the neurological complications of schistosomiasis remains unknown, although it is generally believed that the eggs of the parasite are the major aetiological factor. The route by which the eggs enter the brain is also unknown. It has been speculated that either eggs produced by worm pairs in their usual sites embolize to the brain or that worms present in cerebral vessels are producing eggs in situ. In view of the clinical importance of cerebral schistosomiasis and the lack of knowledge concerning its aetiology, it is interesting to observe that no studies of cerebral schistosomiasis have ever been performed in experimental animals (Warren and Newill, 1967) . There has been only an incidental observation of Fujinami as reported by Schmidzu (1935) of worms in the brain of hyperinfected experimental animals. In the present investigation, several possible aetiologies of cerebral schistosomiasis japonica have been examined in the African green monkey, Cercopithecus aethiops.
MATERIALS AND METHODS
Twenty monkeys (Cercopithecus aethiops) of both sexes weighing 2K1 to 4-6 kg were used in the present study.
They were divided into the following five groups: GROUP 1 Cranial exposure to cercariae Two monkeys were anaesthetized with Semylan (10 mg/kg), their heads and faces shaved, and the skin moistened with saline. Using a bacteriologist's loop, 150 cercariae of a Japanese strain of Schistosoma japonicum were placed in small groups on either side of the bridge of the nose in the upper inner quadrant of both orbits, along the sagittal sinus and the occiput of each animal.
GROUP 2 Intracarotid injection of worm pairs Two monkeys were anaesthetized (Sernylan) and a small polyethylene catheter was threaded into the left common carotid artery. Seven actively motile worm pairs were obtained by the perfusion method of Duvall and DeWitt (1967) Approximately 12 weeks after the procedure described above, all the animals remaining alive had electroencephalograms and then were killed by the rapid injection of 10 ml Diabutol (50 mg/ml). In the case of the animals which had living worm pairs placed in the venous circulation, cranial venous drainage was occluded by a cervical tourniquet within five seconds after loss of consciousness in order to maintain intracranial worm pairs in situ. The brains in all cases were removed and placed in formalin. They were sectioned grossly and appropriate samples of tissue for microscope sections were obtained. At the time of death, portions of the liver and intestine of each animal were pressed between two glass plates, except for the monkeys which had been exposed to cercariae, and no sign of prior infection with schistosomes was observed.
RESULTS
The two monkeys exposed cranially to S. japonicum cercariae showed no cerebral symptomatology over a period of 86 days after exposure. At the termination of the experiment their electroencephalograms were normal. Post-mortem examinationrevealed that both monkeys were infected with S. japonicum and that they had the usual intestinal and liver involvement.
Neither of the two monkeys which received seven worm pairs into the carotid artery showed any immediate neurological manifestations, or EEG changes, and both recovered completely from anaesthesia. They both appeared completely well two days after the procedure, but at four days one of them was anorexic. On Of the eight monkeys injected for the first time with eggs (4:50,000; 2:10,000; 1:1,000; 1:100) six showed no neurological signs or symptoms whatsoever but two animals failed to regain consciousness; one of these received 50,000 eggs, the other 10,000 eggs (Table) . On post-mortem examination the former animal had marked congestion and haemorrhage over the left hemisphere and ecchymoses in the Sylvian fissure (Fig. 1) . In spite of these changes, 1,000 and 100 eggs showed no immediate changes and by 24 hours both had recovered and were in excellent condition. The former animal, however, died suddenly at seven days (see Table) .
The monkey with decerebrate rigidity (no. 12) died at 24 hours and haemorrhage was observed over the left frontal lobe and at the base. Microscopic examination of tissue taken from the brain of this monkey revealed an egg in the cerebral substance with a marked granulomatous reaction around it (Fig. 3) and a group of eggs in a blood vessel in the midst of an organizing thrombus (Fig.  4) . In one of the animals which developed hemiparesis on second injection (no. 13) an egg was found with no reaction around it (Fig. 5) . The three monkeys with right hemiparesis recovered over the next 24 hours, but were killed five days later. Only one of these monkeys (no. 14) showed any gross cerebral changes-haemorrhage in the pia over the left hemisphere.
None of the animals receiving the two injections of glass beads showed any abnormal signs or symptoms.
DISCUSSION
Cerebral schistosomiasis japonica has been estimated to occur among 2 to 4% of the 30,000,000 Asians infected with Schistosoma japonicum (Kane and Most, 1948; Ariizumi, 1963; Reyes et al., 1964) . The way in which the central nervous system is involved by this parasite of the gastrointestinal tract is unknown, but there are several aspects to the disease picture which are of aetiological significance. Although overt cerebral involvement may occur at any time during the course of this prolonged chronic infection, it may appear as early as four weeks after exposure to the infective forms of the parasite (Kane and Most, 1948) . The clinical disease may be manifest by diffuse or focal signs of deficit or increased excitability, but commonly there is a focal deficit (Kane and Most, 1948; Ariizumi, 1963; Reyes et al., 1964) . Most of the cerebral lesions found at surgery in patients with localizing signs have been circumscribed masses of eggs which are usually located in the venules and not the arterioles (Kane and Most, 1948; Ariizumi, 1963 , Reyes et al., 1964 . Finally, it should be pointed out that cerebral schistosomiasis does not merely denote the presence of eggs scattered about the brain, since this has been demonstrated at necropsy in many patients infected with S. japonicum who do not have signs or symptoms. Moreover, cerebral signs are extremely rare in patients with schistosomiasis mansoni and haematobia yet eggs have been found in the brains of more than 50% of such patients by digestion procedures (Gelfand, 1950) . Histological examination of brain sections also revealed S. mansoni eggs in patients with no neurological signs and symptoms (Aleman, 1966 Consultation with several investigators in the field of schistosomiasis led to the suggestion that exposure of the cranial area to cercariae might lead to passage of schistosomulae through the emissary veins and into the cerebral vessels where they would develop into worms. Although no cerebral signs or symptoms were observed in our animals treated in this manner, only two monkeys were studied. Nevertheless it was not unpredictable that at necropsy the worms, which usually proceed from the site of infection to the lungs and then to the mesenteric veins. were found in their usual final location. Adult worms (about 0-6 by 2 5 cm) injected into the cerebral arteries did not produce the expected result of neurological signs. One of the two animals treated in this drastic manner had no changes whatsoever, while the effect on the other animal was delayed for approximately one week and was perhaps related to the delayed onset of an inflammatory reaction around the dead worms (Warren, Domingo, and Cowen, 1967) ; it is unlikely that conditions similar to those in these experiments occur in the natural course of infection. The response to the second injection of eggs did not appear to be related to granuloma formation as in some cases there were profound inflammatory reactions around the eggs (Fig. 3) , but in others there were none
